factor VII and desmopressin. In addition, recommendations for blood conservation strategies involving the use of cell salvage, permissive hypotension and transfusion triggers are given.
Introduction
Peripartum haemorrhage (PPH) accounts for about one-quarter to one-third of all maternal deaths. World-wide, 7 women die of PPH every hour [1] . Developing regions account for the fast majority of maternal deaths [2] . But there is also strong evidence that the rate of PPH is actually increasing in industrial counties: while a mother's risk for life-threatening bleeding was expected to be 1/1,000 at the end of the last century [3] , it is found to be 1.2% (England, 2008) [4] to 11.4% (USA, 2006 (USA, -2010 [5] today. The main reason for this increase is the growing frequency of uterine atony [6] . An increasing frequency of labour induction or support with oxytocin as well as a rapid increase in caesarean deliveries within the past decade seem to be the main causes [7] . Obstetrics accounted for 30% of all anaesthesia-related haemorrhage claims in the US, and anaesthesia care for PPH was often judged inappropriate [8, 9] .
In 2013, the informal D-A-Ch-algorithm was published by an interdisciplinary group of experts from Germany (D), Austria (A), and Switzerland (Ch) [10] . For Germany, the Association of the Scientific Medical Societies (Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften; AWMF) advises Keywords Peripartum haemorrhage · Standard operating procedures · Uterotonics · Haemostasis · Tranexamic acid · Coagulation factor concentrates · Blood conservation
Summary
Peripartum haemorrhage remains one of the main causes of maternal mortality world-wide. The German, Austrian and Swiss Societies of Gynaecology and Obstetrics have updated the current guidelines for the treatment of peripartum haemorrhage together with the German Society of Anaesthesiology and Intensive Care Medicine and the Society of Thrombosis and Haemostasis Research. The recommendations have been the result of a thorough review of the available scientific literature and a consensus process involving all members of the guideline group. A key element of the anaesthesiological and haemostatic management is the development of a multidisciplinary standard operating procedure combining surgical as well as medical and haemostatic treatments depending on the severity of bleeding. The guideline underscores the value of clinical and laboratory diagnostics of peripartum haemorrhage as early as possible, even pre-emptively. This allows for an early identification of causes of bleeding and a specific treatment. The guideline comprises evidence-based recommendations for the use of uterotonics, tranexamic acid and blood products such as factor concentrates, fresh frozen plasma, platelet concentrates, packed red blood cells, recombinant activated on matters and tasks of fundamental and interdisciplinary interest in medicine, develops evidence-based recommendations and resolutions and disseminates them at the institutions occupied with such tasks, i.e., in research strategies, education and postgraduate training. As the AWMF's 2008 guideline 015-063 on prevention and treatment of PPH was to be updated, a representative committee of 13 official delegates of the Austrian, Swiss' and German Societies of Gynaecology and Obstetrics, the German Midwifes' Society, the Society of Thrombosis and Haemostasis Research, and the German Society of Anaesthesiology and Intensive Care Medicine was formed and published the new guideline in April 2016.
A systematic PubMed search with the query 'postpartum haemorrhage, RCT, humans, 2008-06/2015' found 142 hits. 74 of them were on uterotonics, 29 on the management of labour, 9 on tranexamic acid (TxA) (7 on prophylactic use, 1 on therapeutic use, 1 in the setting of the WOMAN trial), 2 on transfusion use (both from the WOMB trial), 2 on the use of fibrinogen (both from the Fib-PPH trial) and 26 others. Although these articles were the basis of our guideline, in general, the publications were not comparable to each other as they differ relevantly in their definitions, various application details as well as other essential issues. Therefore, and despite the fact that one of the first articles on this topic was published as early as 1901 [11] , strong evidence-based recommendations are currently impossible for almost all steps of PPH management. This is one of the key problems in PPH treatment and causes publications of different recommendations by different international societies [12] . The choice of treatment options and drugs for PPH might also be quite different depending on the local and regional setting. Thus, the aim of the working group was to create a structured, consensus-based guideline for the Germanspeaking countries and to formulate recommendations according to the AWMF's classification of the strength of consensus [13] (table 1). The purpose of this article is to describe the most important recommendations for haemostatic management of PPH; these will be marked in italic letters followed by the consensus in curly brackets.
Specific obstetrical actions like sonographic risk stratification, compression sutures, vessel ligatures, arterial catheter embolisation, and others are essential parts for effective management of PPH and are listed and discussed in the guideline but are beyond the scope of this article. Additionally, while uterotonics are of great importance and first-line options for atonic bleeding and, therefore, an essential and large part of the guideline, this haemostaseological article will only give a short view on them.
Definition, Risk Factors and Preparation
Still, there is no common international definition of PPH. The World Health Organisation (WHO) defines PPH as a blood loss of 500 ml or more within 24 h of birth, independently of the mode of delivery [14] . The new German guideline maintains the differentiation between blood loss ≥ 500 ml following vaginal and ≥ 1,000 ml following caesarean delivery [15] {strong consensus of the committee}. PPH can be divided into primary (i.e., within 24 h after delivery; >80% caused by atony) and secondary (24 h to 12 weeks after delivery) PPH [15] . Most peripartum bleedings happen within the first 4 h after delivery. A thorough patient history is recommended; standardised questions should search for nose and dental bleeding, haematoma (without adequate trauma), use of specific drugs (nonsteroidal antiphlogistics, platelet inhibitors), and especially menorrhagia or prior bleedings during surgery/birth [16] . The risk factors for PPH can be memorised using the 4 T's: tone, tissue, trauma, and thrombin (table 2) . Of note, a large proportion of women developing PPH do not have identifiable risk factors, suggesting that essentially every woman might be at risk [17] . While only about one-third of pregnancies have risk factors, those women will be responsible for almost two-thirds of massive transfusions [18] . The first step of PPH management is to recognize that PPH is not a diagnosis, but a clinical sign of an underlying condition that, by itself, requires diagnosis [19, 20] .
It is essential for every hospital with an obstetric department to develop a standard operating procedure (SOP) including a massive transfusion protocol for PPH management, adapted to this hospital's infrastructure and logistics. This SOP should aim at an early identification of a bleeding parturient and a combined surgical, interventional, and haemostatic management to stop the bleeding [21] {strong consensus of the committee}. Concerning laboratory parameters, one should keep in mind that due to physiological alterations, pregnancy has its own reference values for almost every analysis, especially in haemostasis. Due to increasing factor concentrations with developing pregnancy, patients with von Willebrand disease (type I) or haemophilia (only A, as factor IX does not increase) do not have an elevated bleeding risk during pregnancy compared to healthy ones. Nevertheless, this risk is greatly augmented in the postpartum period [17, 23, 24] .
Recording blood loss during and after birth is a cornerstone of postpartum care [2] . We recommend collecting blood-soaked tissue, bandages, linens and clots to quantify the amount of blood loss {con-sensus of the committee}. Yet, the time frame and dynamics of bleeding are of great importance [16] .
Uterotonics
Physiologically, myometrial contractions are the main determinant of placental separation and haemostasis ('physiological sutures' or 'living ligatures' [25] ). Prophylactic use of uterotonics is standard of care world-wide. Alongside general interventions such as stabilisation of the patient's haemodynamics, causal therapy of PPH consists of medical and/or surgical treatments that must be performed quickly, coordinated and often simultaneously {strong consensus of the committee}.
Oxytocin is generally regarded as the first-line uterotonic in the prevention and management of PPH caused by uterine atony. The minimal effective dose of oxytocin (ED90) is 0.35 IU [26] or 0.29 IU/min [27, 28] . Of note, women with prior exposure to exogenous oxytocin for induction/augmentation of labour may require a higher initial rate (receptor desensitisation and down-regulation) [7, [29] [30] [31] .
The guideline recommends the following procedure: 3-5 IU (i.e., one vial) oxytocin in 10 ml saline to be given slowly as a single intravenous bolus (preferably as short infusion); if necessary, this can be followed by 10-40 IU of oxytocin in 500-1,000 ml saline as a continuous infusion (dose-depending on the clinical situation, particularly uterine contractions) [15, 32] {strong consensus of the committee}.
The dose range of 3-5 IU refers to the different content in one vial of oxytocin in Germany, Swiss and Austria but is also recommended by other authors [31, 33] . More than half of the patients receiving oxytocin as a bolus suffer a reduction of systolic blood pressure (approximately 25 mm Hg for 2.5 min) [7] . Intravenous oxytocin as an infusion, instead of a bolus, causes less cardiovascular instability; however, the coronary circulation may respond with vasoconstriction, diminished blood flow or both [29] . Although these physiological changes may be tolerated by a healthy parturient, those with hypovolaemia or co-morbid conditions may not be able to compensate, and close cardiovascular monitoring is therefore recommended [29] .
Carbetocin is a synthetic, long-acting agonist to oxytocin, with a half-life approximately 4-10 times longer than oxytocin. It is currently licensed for prevention of uterine atony after delivery by caesarean section in spinal or epidural anaesthesia only [9] . In individual cases, the use of carbetocin to treat PPH has been reported [34] .
Methylergometrine, an ergot alkaloid, causes intense and sustained contractions of the myometrium [1] . Due to possibly lifethreatening side-effects and the fact that better alternatives are available, methylergometrine should only be applied with utmost caution {strong consensus of the committee} and not as an intravenous bolus, but, if needed, by continuous infusion {consensus of the committee}.
Prostaglandins increase oxytocin-induced myometrial contractions by stimulating the expression of oxytocin receptors [35] . Sulprostone, an injectable, synthetic prostaglandin E2 analogue, is generally regarded as second-line medication if oxytocin/carbetocin are not effective [9] . Side-effects include bronchoconstriction, pulmonary hypertension, myocardial ischaemia and cardiac arrest [35, 36] 
Hysterectomy
Emergency hysterectomy should be considered if blood loss exceeds approximately 2-3 l and is refractory to surgical and haemostatic measures. However, all efforts described in this article (and essential surgical interventions like compression sutures or vessel ligatures) are intended to prevent this situation [37] . Further indications for emergency hysterectomy are a septic uterus, in which hysterectomy is the causative measure to save the mother's life. [28, 38] {strong consensus of the committee}. Every emergency hysterectomy carries a high risk for massive transfusion [39] ; the team needs to be prepared. To avoid unnecessary blood loss, a compression of the aorta [40] 
Conservative treatment to preserve the uterus is only reasonable if the patient does not bleed life-threateningly and has relatively stable haemodynamics. Therefore, a hysterectomy should not be indicated too late

Haemostasis and Coagulation Management
At term, a woman's physiology is altered, which is especially true for haemostasis. Nevertheless, many authors recommend the adoption of diagnostic and therapeutic findings from multiple trauma to PPH [41] [42] [43] . Cellular hypoperfusion and shock, the key-players of traumatic coagulopathy, may also trigger obstetric hyperfibrinolysis: The vascular bed of the placenta has an endothelial cell-like nature, expresses tissue factor and thrombomodulin, and releases plasminogen activator inhibitor-2 (PAI-2) [44] . Additionally, pregnant women do have an increased rate of glycocalyx shedding with increased levels of syndecan-1, providing an additional anticoagulant mechanism ('autoheparinisation') [45] . Specific obstetrical triggers of a coagulopathy are the wash-in of tissue factor of foetal, placental or amniotic origin, (mainly Gram-negative) infections and decomposition of uterine tissue, leading to consumption of coagulation factors, thrombocytopenia and hyperfibrinolysis in various combinations and extents [46] . Different causes of PPH will need different primary therapies. The main problem in PPH is to try to differentiate between surgical bleeding caused by tissue and vascular injury and microvascular bleeding due to a concurrent impairment of coagulation (= coagulopathy). Regardless of the primary cause of PPH, all will result in coagulopathy if early intervention is not successfully applied [47] . A disturbed coagulation is often an early pathology in PPH, which can appear before a dilutional coagulopathy occurs [17, 48] . Thus, the team must always discriminate between bleeding with shock and severe tissue injury ( fig. 1) The term 'disseminated intravascular coagulation (DIC)' refers to a specific clinical picture associated with initial intravascular thrombosis. However, most cases of PPH associated with a localised consumption of coagulation factors do not show the classical picture of a systemic DIC [38] ; exceptions can be seen with pre-eclampsia, amniotic fluid embolism and dead foetus syndrome [49] . After delivery, the already augmented fibrinolysis with ongoing breakdown of cross-linked fibrin may severely impair the haemostatic outcome [38] . In any case, a potentially increased fibrinolytic activity should be stopped by administration of TxA before substitution of fibrinogen is considered [21] {strong consensus of the committee}. The working group of Ducloy-Bouthors [50] showed that the therapeutic application of TxA in bleeding PPH patients caused a significant reduction of blood loss, of patients with a haemoglobin decrease > 4 g/dl, a reduction of the number of transfused RBCs and a shorter bleeding duration. Analysing these study's haemostasis parameter provided biological evidence of an early increase in D-dimers and plasmin-antiplasmin complexes associated with active PPH and its attenuation by the early use of TxA [51] . The publication of the WOMAN (World Maternal Antifibrinolytic) trial will hopefully add further knowledge concerning the combination of TxA and PPH [52] . Early use of fibrinogen in obstetric bleedings due to a 'defibrination syndrome' was published as early as 1959 [53] . Studies with more than 1,700 women showed that a fibrinogen concentration < 3 g/l and especially < 2 g/l in early PPH will result in a progression, whereas a fibrinogen concentration > 4 g/l will not [54] . Even after vaginal delivery, for each 1 g/l increase of pre-delivery fibrinogen level, the risk of a bleeding ≥ 1,000 ml decreases by a factor of 0.405 (95% CI 0.219-0.750; p = 0.004) [55] . In women with PPH or a history of it, fibrinogen concentration should be determined, as a fibrinogen concentration < 2 g/l may identify those at increased risk for severe bleeding {consen-sus of the committee}. A target level for fibrinogen substitution in a bleeding parturient might be > 2 g/l (200 g/dl) [49] . A prospective cohort study proved an algorithm for ROTEM-guided fibrinogen concentrate administration to be superior to use of 'shock packages' [56] . After finalisation of the guideline, the Fib-PPH-trial (Fibrinogen Concentrate as Initial Treatment for Postpartum Haemorrhage) was published [57] that described no evidence for the preemptive use of a fixed dose of 2 g of fibrinogen concentrate in severe PPH. However, the mean fibrinogen level was 4.5 g/l before intervention questioning the rationale of fibrinogen supplementation. Furthermore, only a minority of patients was treated with TxA, and 15% of the patients screened for the trial could not give informed consent as their bleeding was too severe.
There are some observations with positive outcome [58] , but little evidence concerning the use of desmopressin (DDAVP) in PPH. The European Society of Anaesthesiology recommended DDAVP for disturbed platelet function caused by certain drugs, hypothermia or acidaemia [21] .
Despite controversial evidence and lack of prospective randomised controlled trials (RCT) and before an emergency hysterectomy, an individual treatment decision with rFVIIa might be made with a dose of 90 μg/kg BW [59, 60] if the patient has been adequately treated with all other mentioned therapeutic options, these other options were not sufficiently effective and the patient's family planning is not complete [17] . Due to an increased risk of (arterial) thromboembolism [61] , rFVIIa should only be an ultima ratio therapy. Additionally, coagulation factors and platelet count should be optimised [21] {consensus of the committee}. After finalisation of the guideline, a French RCT showed that rFVIIa reduces the need for specific second-line therapies in about 1 of 3 patients [62] . Albeit, only the number of arterial embolisation was significantly lower in the intervention arm. Due to various issues (large differences of median haemoglobin and fibrinogen levels in the groups; contrary to protocol, no measurement of blood loss; no differences in required blood products; venous thromboembolisms in 5% of rFVIIa patients; …), these results are to be interpreted with caution, especially the 'compassionate' rFVIIa use in 19% of the patients in the standard care group.
Summarising, current data on haemostatic treatment options recommend {strong consensus of the committee}: -an escalating (i.e., step-by-step approach) concept to be adapted to each hospital's infrastructure and logistics [21] , -an early, preferably immediate application of TxA [50, 63] In fact, the coagulopathy of PPH entails a third, late, and prothrombotic state. In addition to the pro-thrombotic state of pregnancy itself, massive transfusion and PPH are recognised to be risk factors for the development of postpartum venous thromboembolism [17, 38, 65] . Within 24 h of reliably stopping the haemorrhage, a pharmacological thrombosis prophylaxis is required [17] {strong consensus of the committee}. The decreased antithrombin activity after PPH (some women presented with an absolute activity below 0.5 kIU/l) must be considered when administering coagulation factors, especially prothrombin complex concentrate [66] , to parturients [67] . Substitution with antithrombin might aim at ≥80% [68] or ≥0,8 kIU/l [69] . However, antithrombin substitution is controversially discussed and not equally accepted in different countries.
Further Aspects of PPH Management
The regular British Confidential Enquiries into Maternal Deaths / MBRRACE-UK (Mothers and Babies: Reducing Risk through Audits and Confidential Enquiries across the UK) reports repeatedly state that most PPH morbidity and mortality could have been prevented and 'too little is done too late'. As stated above, estimation of blood loss is often inaccurate. Yet, the consensus conference wanted to sensitise junior physicians to PPH's severity and support them to call for senior assistance early. To the best of our knowledge, this guideline is the first to use relatively low estimated blood losses as indices for this purpose.
The timely call for qualified help is recommended in ongoing bleeding > 500 ml and > 1,000 ml for vaginal and caesarean delivery, respectively, and essential if blood loss is > 1,500 ml [38, 70] {strong consensus of the committee}. Persistent severe PPH requires a multidisciplinary approach and early involvement of the most experienced members of the team [17, 21] .
If blood loss exceeds 1,500 ml, oxygen delivery must be secured and regional anaesthesia might possibly be switched to general anaesthesia {strong consensus of the committee}.
Following intubation, the anaesthesiologist should immediately insert two large bore cannulae (≥16 G) or one central access (≥9 Fr) [71, 72] {strong consensus of the committee}. In haemodynamically centralised patients, peripheral venous access is likely to be less effective; thus, one large bore central line might be preferable, as volume and catecholamines can better reach the heart [71] [72] [73] .
Installation of an invasive, arterial line should be performed after the volume access when personal resources are sufficient {strong consensus of the committee}.
Multiple international societies recommend the use of cell salvage in PPH (e.g., American Society of Anesthesiologists (ASA), Centre for Maternal and Child Enquiries (CMACE), European Society of Anaesthesiology (ESA), National Institute for Health and Care Excellence (NICE), Obstetric Anaesthetists' Association / Association of Anaesthetists of Great Britain and Ireland (OAA/ AAGBI)). For unpredictable haemorrhage, the device should be initially in 'stand-by' mode using only the reservoir; if needed; additionally, 'washing & re-infusing' (i.e., added bowl and tubes) is possible [74] . In obstetrics, the method of two suction devices should be used: a regular surgical suction device for amniotic fluid, then switching to the cell saver's suction [74] . Usage of intra-operative cell salvage in elective caesarean delivery might reduce allogenic blood transfusions and length of stay. The following caveats should be considered {strong consensus of the committee}:
Cell savers provide only RBCs; substitution of coagulation factors and platelets might be necessary in addition.
Leucocyte depletion filters (LDFs) may lead to hypotension [75] . Yet, these filters seem to play a pivotal role in removing components of amnion fluid [76] . Recent reviews recommend using LDFs [77] .
Some additional information on LDFs that is not part of the guideline: LDF are mostly made of polyurethane with very small pores ( 40 μm). Their effect is caused by a combination of passive filtering and active adhesion on negatively charged surface. Therefore, they have a slow flow rate (e.g., Pall's LeukoGuard TM 50 ml/min) and the use of pressure infusion systems (like LevelOne TM or Fluido TM ) is not possible. There are 3 published obstetrical cases with hypotonia related to LDF [75, 78, 79] . Most LDFs do not extract α-foeto-protein, tissue factor, endothelin-1 or meconium, but these are removed by different integrated filters in the reservoir and bowl [76] . Following filtration, the particulate levels in salvaged blood are comparable to maternal levels [80] . A 'contamination' is only possible by foetal RBCs, that might cause a theoretically possible allo-immunisation [74] . With D-negative mother and D-positive child, a Rhesus prophylaxis after Kleihauer-Betke testing is recommended [80] .
The foetus' perfusion is dependent on the mother's blood pressure. But after cutting the umbilical cord, the haemodynamics of a previously healthy young parturient with PPH should, as long as she is bleeding, be managed with 'permissive hypotension' by restrictive fluid application aiming at a palpable radial pulse [81, 82] . Until surgical haemostasis is reached, RBC transfusion should aim at securing a haemoglobin level of 7 g/dl (4,3 mmol/l); when haemostasis is obtained, the target level should be 7-9 g/dl (4, (3) (4) (5) 6 mmol/l) {strong consensus of the committee}. Transfusions should be halted as soon as bleeding is controlled, with a shift towards a restrictive and goal-directed use of blood components [83] . Additionally, post-operative iron replacement therapy is recommended to enhance erythropoiesis when haemoglobin levels are low. Table 3 contains an escalating scheme of haemostatic therapeutic options for PPH.
Time is of great essence in PPH management. While the results of standard laboratory parameters take more than 45 min [84] and are of limited value to predict or monitor coagulopathy, particularly in women with ongoing peripartum bleeding [85] , the socalled 'viscoelastic tests' ROTEM and TEG provide earlier results, sometimes within 5-10 min [86, 87] . With increasing evidence, the ESA guidelines advocate use of viscoelastic tests -though with a weak grade of recommendation -to guide haemostatic therapy in PPH [21] . The Subcommittees on Women's Health Issues of the International Society on Thrombosis and Haemostasis (ISTH) suggest that blood product replacement based on viscoelastic tests supported by a local algorithm is likely to be at least as efficacious as replacement based on laboratory testing and advocate maintaining a fibrinogen level of FIBTEM A5 > 12 mm [49] . It must be recognised, however, that viscoelastic tests cannot provide quantification of single analytes.
Following PPH, an individually adapted active monitoring for at least 24 h is recommended {strong consensus of the committee}. This monitoring should be done by a team with sufficient knowledge of haemodynamics and resuscitation.
The difficult situation of PPH is an enormous source of stress for all participants and may cause post-traumatic stress disorders. An interdisciplinary team debriefing is recommended {strong consensus of the committee}. Regularly repeated simulations of bleeding situations should be done with all participants and will improve management {strong consensus of the committee}.
Key Messages
Essential for the effective and safe treatment of PPH is the timely diagnosis. The diagnosis of PPH requires the measurement rather than the estimation of blood loss.
Successful treatment of PPH requires a multidisciplinary approach involving surgical and medical (haemostatic) treatments to stop the bleeding.
Early monitoring of coagulation either by standard parameters or viscoelastic methods facilitates directed haemostatic treatment.
Haemostatic treatment of PPH starts early after diagnosis and combines TxA with coagulation factors (either concentrates or fresh frozen plasma).
Addendum
Following the acceptance of this manuscript, the results of the randomised, double-blind, placebo-controlled WOMAN-Trial were published by the Lancet. A significant effect of TxA was proven for death due to bleeding (RR 0.81; 95% CI 0.65-1.00; p = 0.045), death if TxA was given within 3h (RR 0.69; 95% CI 0.52-0.91; p = 0.008), and laparotomy to control bleeding (RR 0.64; 95% CI 0.49-0.85; p = 0.002). There was a trend towards reduction of death from all cause but no difference in thromboembolic events. These results support the recommendations of the German guideline. CvH: Related to the topic of this article, CvH has received, travel expenses and lecture fees from CSL Behring, Ferring, Novo Nordisk, Octapharma, Haemonetics and HICC GbR.
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